Purpose: The present study examined the nature of concurrent and predictive associations between conversational language use and reading development during early school-age years. Method: Language and reading data from 380 twins in the Western Reserve Reading Project were examined via phenotypic correlations and multilevel modeling on exploratory latent factors. Results: In the concurrent prediction of children's early reading abilities, a significant interaction emerged between children's conversational language abilities and their history of reported language difficulties. Specifically, conversational language concurrently predicted reading development above and beyond variance accounted for by formal vocabulary scores, but only in children with a history of reported language difficulties. A similar trend was noted in predicting reading skills 1 year later, but the interaction was not statistically significant. Conclusions: Findings suggest a more nuanced view of the association between spoken language and early reading than is commonly proposed. One possibility is that children with and without a history of reported language difficulties rely on different skills, or the same skills to differing degrees, when completing early reading-related tasks. Future studies should examine the causal link between conversational language and early reading specifically in children with a history of reported language difficulties.
T he purpose of this article is to examine the relationship between children's conversational language use and indices of early reading development. Given the longitudinal nature of our project, we view reading as a multifaceted developmental construct that encompasses a variety of skills, such as word identification and decoding, which ultimately contribute to the comprehension of written text. Numerous studies have documented that children with language disability tend toward lower reading-related skills than peers with typical language development (Catts, Adlof, Hogan, & Weismer, 2005; Nathan, Stackhouse, Goulandris, & Snowling, 2004) . Similarly, children with reading difficulties have been found to score more poorly on semantic and morphosyntactic measures when compared to age-matched controls (e.g., Nation, Clarke, Marshall, & Durand, 2004; Nation & Snowling, 1998; Scarborough, 1990) . In addition to phenotypic findings, significant behavioral genetic results have emerged to support the association between oral language and reading abilities. For example, Bishop (2001) revealed a significant genetic correlation between word reading and oral language difficulties in a twin study of 86 families. Estimates of group heritability ranged from .43 to .87 depending on whether or not literacy scores were adjusted for IQ. In regard to the population at large, a cross-sectional twin study of individual differences in literacy and language at ages 5 and 7 years (N = 126 pairs) revealed substantial genetic overlap between nonverbal cognitive skills, expressive language, phonological awareness, and literacy (Hohnen & Stevenson, 1999 ; see also Hayiou-Thomas, Harlaar, Dale, & Plomin, 2006) .
Despite the possibility of phonological awareness as a common denominator between spoken language and reading development, recent models have emphasized the role of additional skills such as working memory, executive functioning, and fluency (see Cutting, Eason, Young, & Alberstadt, 2009 , for a review). In regard to language abilities, investigators have found support for the distinct contribution of semantic and morphosyntax skills to reading development (e.g., Bishop & Snowling, 2004; Harm & Seidenberg, 2004) . Conceptually, oral language abilities are thought to provide top-down support to supplement phonological decoding. For example, in reading an irregular word such as knight, a child with strong vocabulary is more likely to know that a word pronounced /naIt / exists in reference to a man in armor who rides a horse. Similarly, that same child is more likely to know that a word pronounced /kənaIgt/ does not exist. In addition, morphosyntactic cues may help prime relevant word properties. For example, in the phrase "My knight in shining armor," a child's morphosyntactic knowledge helps narrow the word search to nouns and adjectives as more likely possibilities than verbs and prepositions.
In regard to the association between oral language skills and reading, Ricketts, Nation, and Bishop (2007) studied the association between expressive vocabulary and a variety of reading measures in 81 typically developing children (aged 8-10 years). Findings indicated that vocabulary, as measured via formal assessment tools, accounted for concurrent variance in reading irregular words and reading comprehension but not decoding. Conversely, they found that children with poor reading comprehension exhibited weaker oral vocabulary skills. In addition, Nation and Snowling (2004) found that formal assessments of oral language concurrently predicted reading comprehension above and beyond phonological awareness skills in a sample of 72 typically developing children aged 8½ years (see also Bowey & Patel, 1988) .
It is possible that subgroups of children rely on different processes in learning to read, or on the same processes but to differing degrees. As an example, children at earlier stages of reading development are likely to be more dependent on phonological processing skills that aid in the decoding process, but as skills and expectations shift to reading comprehension, oral language skills may play a more significant role (Chall, 1983; Dale & Crain-Thoreson, 1999; Ehri, 1995; Harm & Seidenberg, 2004; Storch & Whitehurst, 2002) . Support for this idea comes from a longitudinal study by Storch and Whitehurst (2002) of code-related skills (including phonological awareness), oral language, and reading in 626 children from Head Start. The authors found a nonlinear relationship between oral language and reading over time, with oral language demonstrating significant concurrent associations with preschool code-related abilities as well as third-and fourth-grade reading comprehension. Of interest, concurrent associations between oral language and reading were not significant during first and second grades (see also Dale & Crain-Thoreson, 1999 ).
In addition to developmental shifts, it is possible that subgroups of children with different cognitive profiles rely to differing degrees on various processes and strategies in learning to read. Although potential subgroup differences are not routinely studied, Wolf (1984) found that impaired readers demonstrated different associations between reading and automatic naming than did children without reading difficulties. The present study examined the extent to which the relationship between language and reading may be different based on children's reported history of language difficulties.
Regardless of the subgroup studied, literature associating oral language skills with early reading development has relied primarily on formal assessments of language, such as standardized test results. The extent to which such findings generalize to children's language use in functional contexts is unclear. Theories of situated learning (e.g., Brown, Collins, & Duguid, 1989; Ukrainetz, 1998) suggest that the learning context influences mental representations and the actual deployment of acquired skills. As an example, one might imagine that vocabulary words acquired within the context of conversational interactions are not as easily recalled within the very different context of a standardized test. The contexts are likely to offer different cues (i.e., semantic, syntactic, visual), to inspire distinct motives (e.g., communication vs. performance), and to draw upon separate skill sets (e.g., attention, frustration tolerance, extraversion). In support of this view, previous studies have found that formal language assessments versus conversational language measures tend to load on different factors (e.g., DeThorne et al., 2008; Mather & Black, 1984) . Given the potential influence of assessment context, previously demonstrated associations between standardized assessments of spoken language and reading may reflect shared cognitive mechanisms of interest (e.g., phonological processing) or be influenced by extraneous factors specific to the formal assessment context (e.g., attention, motivation, frustration tolerance). One way to examine the extent to which assessment method affects the association between oral language and reading is to include language measures from a more naturalistic context. Evidence suggests that naturalistic language abilities may play a unique and important role in reading development, at least in children with learning disabilities. A study by Scarborough (1990) found that children with dyslexia (n = 20) had poorer syntactic skills at 30 months than controls (n = 20), as measured via naturalistic language sample measures. The findings in regard to early vocabulary skills were less clear. Bishop and Adams (1990) followed the language and literacy development of 83 children whose language development had been delayed at age 4. Children whose spoken language difficulties had not resolved by 5½ years of age (n = 37) were at increased risk for difficulties in reading comprehension at age 8½ years compared to children without spoken language difficulties at age 5½ years (n = 29). Of particular interest, when groups were combined and preschool-age measures of expressive and receptive language were regressed on reading outcomes at age 8 years, mean length of utterance (MLU) served as the strongest and most consistent predictor of later reading abilities. Specifically, after controlling for performance IQ, preschool MLU accounted for an additional 9% of variance in reading accuracy and 10% in nonword reading at 8 years of age. In such cases, MLU served as a stronger predictor than standardized measures of both expressive and receptive language use.
Although there are fewer studies of naturalistic language and reading in typically developing children, Miller, Heilmann, and Nockerts (2006) focused on the association between oral language proficiency and reading proficiency in a sample of 1,531 bilingual children attending kindergarten through third grade. The children were described as Spanish-dominant and English language learners. Spoken language skills were assessed through story retell procedures, both in Spanish and in English. The resulting language samples, which averaged 40 utterances in length, were utilized to derive MLU, number of different words, words per minute, and an index of narrative coherence. When grade differences were controlled, these combined oral language measures predicted 10% of reading comprehension when both were evaluated in Spanish and 22% when both were evaluated in English. Similarly, same-language predictions of word-level reading by oral language measures accounted for 7% of unique variance in Spanish and 8% in English.
In sum, there is theoretical and empirical support for the relationship between spoken language and reading development. The present study extends prior findings by allowing us to focus on the association between conversational language and reading in a longitudinal population-based sample that includes children with and without a reported history of language difficulties. We focused on conversational rather than narrative language due to the inherent social validity of the conversational context and the increased ability to control sample length. Our specific research questions were as follows:
1. To what extent do children's word-and sentencelevel conversational abilities account for individual differences in early reading abilities?
2. Does the association between conversational language and early reading differ for children with a history of reported language difficulties compared to those without such a history?
3. If associations are observed, is conversational language able to predict early reading skills above and beyond formalized measures of vocabulary?
Method

Participants
Participants for the present study involved 380 children (42% male) from the Western Reserve Reading Project (WRRP), a longitudinal twin study of reading and related cognitive abilities . Twins were recruited from the large metropolitan areas of Cleveland, Columbus, and Cincinnati, Ohio, primarily through school nominations and media advertisements. The project involved four direct assessment periods during the initial 3 years. The first home visit was conducted after children entered kindergarten but before they completed first grade. Assessments consisted of direct assessment during home visits and parent /teacher questionnaires. Note that behavioral genetic results for the early reading and language measures are reported in Petrill et al. (2006) and DeThorne et al. (2008) , respectively. Consistent with DeThorne et al. (2008) , children were selected for the current study based on the following criteria: (a) complete data on zygosity, age, and sex; (b) a reported history of typical hearing; and (c) a conversational language sample of at least 50 child utterances from the second-year home visit.
The selected sample included 156 monozygotic twins (MZ; 39% male) and 224 dizygotic twins (DZ; 44% male) with the mean age of the sample being 7.13 years (SD = .65) at the time of the second home visit. Based on caregiver self-report of race/ethnicity, the vast majority of the sample was white (93%), with at least 94% of the primary caregivers having attained a high school diploma. See DeThorne et al. (2008) for additional sample detail.
Procedures
After returning initial paperwork, including a speechlanguage survey, families were contacted to schedule initial home visits (HV1), which focused largely on the assessment of early reading and did not include a measure of conversational language. The second home visit (HV2) assessed children's conversational language use in addition to reading and was scheduled approximately 1 year after the initial home visit, with the third home visit (HV3), which mirrored the second visit in terms of content, scheduled approximately 1 year after that. At each home visit, twins were assessed simultaneously in separate rooms by different examiners. Information on the examiners was available for 85% (322/380) of the study participants. Of the 13 different examiners who collected these data, all held bachelor's degrees. Many of the examiners were enrolled in graduate study of related disciplines, such as psychology, but none were certified speech-language pathologists (see DeThorne & Hart, 2009 , for additional information). In terms of training, each examiner reviewed the full assessment protocol and observed at least two home visits conducted by a seasoned examiner. Twin zygosity was determined through DNA testing on buccal swabs, with a few families choosing instead to complete a measure of twin physical similarity reported to be 95% accurate when compared to DNA analyses (Goldsmith, 1991; Price, Eley, Dale, Stevenson, Saudino, & Plomin, 2000) .
Measures
Speech-language survey. Developed explicitly for WRRP, the Speech-Language Survey included a series of 12 questions related to children's speech-language development, including history of hearing difficulties. A history of difficulty in any area was identified separately for each twin. Most relevant to the present study is the question regarding the children's expressive language development: "Has either of your twins ever had difficulty learning words (vocabulary) and/or forming sentences (using correct grammar)?" If the response was yes, the caregiver was asked to specify which twin(s) and whether or not the difficulty had abated. For the purpose of this study, responses to this question were used to group children according to their reported history of language difficulties. Although a single questionnaire item represents a limited form of assessment, we utilized it here due to its intrinsic social validity and the fact that direct assessments prior to kindergarten were not available. demonstrated that parents' report on this questionnaire item led to significant estimates of heritability and revealed predictable group differences in language functioning.
Conversational language sample. The collection of the language sample encompassed a 15-min conversational exchange between examiner and child while the two were engaged with modeling clay. Examiners were free to follow the child's interest, but potential topics were provided, such as school, holidays, movies, and sports. In addition, examiners were trained to follow guidelines provided by Leadholm and Miller (1992) such as (a) ask open-ended questions, (b) offer comments and information of interest to the child, and (c) be patient. Samples were recorded using a Marantz analogue tape recorder (PMD201) and Sony stereo digital omnidirectional microphone (ECM-717).
Audio samples were sent to the first author's laboratory for transcription into Systematic Analysis of Language Transcripts, Version 8.0 (SALT; Miller, 2004) by trained research assistants. Research assistants included both undergraduate and graduate students in speech and hearing science. Transcription training included a review of related guidelines (e.g., SALT tutorial and lab manual), consultation with experienced transcribers, and practice transcription. Students did not begin to transcribe independently until at least one practice transcript resulted in a minimum agreement of 85% with the transcription of a seasoned transcriber in regard to utterance boundaries and individual morphemes. Transcription conventions included segmenting utterances into communication units (C-units), as outlined in Nippold (1998) . Specifically, independent clauses joined by coordinating conjunctions (i.e., and, or, but) were segmented. Each transcribed sample was reviewed independently by a second transcriber who corrected obvious errors. Ambiguous situations were resolved through discussion with the first author at weekly meetings. Transcription agreement on 43 randomly selected transcripts averaged 90% (range = 70%-100%) for C-unit boundaries and 91% (range = 80%-98%) for individual morphemes.
The following measures were derived from each language sample using SALT: mean length of C-unit in morphemes (MLU-C), number of total words (NTW), number of different words (NDW), total number of conjunctions (TNC), and Developmental Sentence Score (DSS; Lee, 1974) . All measures were calculated from the first 100 complete and intelligible child utterances from each transcript, with the following two exceptions. Given that MLU-C is an average metric that increases in reliability with increased sample size (Gavin & Giles, 1996) , it was derived from the total number of complete and intelligible utterances, which varied across samples. In addition, DSS was calculated on all utterances that contained both a subject and a predicate. Utterances that were eligible for DSS were submitted to automated analyses using a program referred to as gcSalt (Channell, 2006) , and then automated scores were subjected to manual correction. Scoring conventions were consistent with Lee (1974) and Lively (1984) with two exceptions: (a) the scoring of like abided by suggestions made by Hughes, Fey, and Long (1992) , and (b) all initial conjunctions other than and were assigned credit due to the subsentential nature of C-units. Although reference data for children of early school age are scarce, findings from Lee (1974) combined with Dallmann (1973) suggest a relatively steady increase in DSS from age 2 to 9 years. Samples that did not include at least 35 eligible utterances were excluded from DSS analysis due to concerns with reliability (Johnson & Tomblin, 1975) . Likewise, samples with fewer than 100 total complete and intelligible utterances were not included in analyses of NDW, NTW, and TNC (Gavin & Giles, 1996) . Additional information regarding the rationale for selecting the language sample measures and the details involved in calculating them is available in DeThorne et al. (2008) .
Reading-related measures. Measures of reading were selected to reflect multiple components of development, including both phonological and print-based skills, and to be consistent with prior literature. Specifically, phonological awareness skills were tapped using tasks from the Phonological Awareness test (PA; Robertson & Salter, 1997) : rhyming, initial phoneme isolation, whole-word phonemic segmentation, and phonemic deletion. Based on factor analyses (DeThorne et al., 2008) and general support for phonological awareness as a unitary construct (Schatschneider, Francis, Foorman, Fletcher, & Mehta, 1999) , the raw scores from these tasks were summed to derive a measure of phonological awareness. Three subtests from the Woodcock Reading Mastery test (Woodcock, 1987) were also employed: Word Attack (WA), which requires children to read nonsense words or English words of very low frequency; Word Identification (WID), which asks children to identify relatively common English words from print; and Passage Comprehension (PC), which utilizes a modified cloze procedure. More specifically, PC involves presenting children with written material of one to three sentences in length with a key word missing from the text. Easier items include a line drawing in conjunction with the text.
Due to our theoretical framework of reading development, analyses focused on reading measures from HV2 and HV3, rather than from HV1. Because spoken language development generally precedes reading, we would expect spoken language skills to predict current and future reading skills rather than the other way around. As reading skills progress and the focus shifts to reading as a means to acquire information, we would expect reading skills to exert a greater influence on spoken language development (Chall, 1983; Dale & Crain-Thoreson, 1999; Ehri, 1995; Harm & Seidenberg, 2004; Storch & Whitehurst, 2002) .
Formal vocabulary measures. Given associations between expressive vocabulary and reading development (e.g., Lyytinen & Lyytinen, 2004; Ricketts et al., 2007) , we included two formal measures to reflect skills in both confrontational naming and generation tasks (cf. Wolf, 1984) . Confrontational naming was assessed via the Boston Naming Test (BNT; Goodglass & Kaplan, 2001) , which elicits names of pictured items. The Vocabulary subtest from the Stanford-Binet Intelligence Test (SB-Vocab; Thorndike, Hagen, & Sattler, 1986 ) was administered as a generation task, which elicits word definitions.
Due to the sizeable sample, corrections for age and sex on all measures were accomplished through regression procedures on raw scores rather than through use of normative data from test manuals. In addition to descriptive and correlation analyses, study questions were addressed via multilevel modeling using factors for formal vocabulary, conversational language, and reading.
Results
Descriptive statistics for language and reading raw scores are summarized in Table 1 . Conversational samples ranged in length from 50 to 272 complete and intelligible utterances, with a mean of 144 utterances and a standard deviation of 42. DSS data were restricted to the 342 children whose samples contained a minimum of 35 eligible utterances (i.e., contained a subject and predicate); on average, these samples contained 99 eligible utterances (SD = 34). Similarly, NTW, NDW, and TNC measures were restricted to the 326 samples that contained a minimum of 100 complete and intelligible utterances. Note that our sample means for conversational measures are comparable to reference values provided via SALT. Specifically, a comparison sample of 49 children between the ages of 6;8 and 7;6 (years;months) yielded mean values of 5.38 for MLU, 181 for NDW, 491 for NTW, and 48 for TNC. Since reference values were derived using 100 complete and intelligible C-units, a comparison of the total number of complete and intelligible C-units (TCICU) is not appropriate. In short, results suggest that our language sample measures are comparable to typical variation in singleton samples and support the view that findings from twins can be generalized to the singleton population (see DeThorne & Hart, 2009; DeThorne et al., 2008; Evans & Martin, 2000 , for additional discussion).
Consistent with prior WRRP studies, raw scores for all variables were corrected for both linear and nonlinear effects of age and sex so that associations between measures would not be inflated by these factors. Prior to correction, correlations with child age ranged from small to moderate in effect size. Mean differences based on sex were relatively small and emerged for two variables, favoring girls in the case of TNC and boys in the case of BNT. Distributions of the corrected variables were relatively normal, with skewness values ranging from -0.53 for BNT at HV3 to 0.93 for TNC at HV2. Kurtosis values ranged from -.76 for WA at HV2 to 1.54 for TNC at HV2.
Of the 378 children with data from the SpeechLanguage Survey, 73 (19%) were reported by caregivers to have had difficulties in expressive language development at some point prior to initiation of WRRP. The percentage was relatively similar across zygosity types, with 18% and 21% of DZ and MZ twins, respectively. Many of these difficulties were reported to have subsided, however, with a lesser number, 12%, of the twins, reported to be having expressive language difficulties at the time they were enrolled in the study (8% and 18% for DZ and MZ twins, respectively). Given that group analyses focused on reported history of language difficulties, not the reported recovery of these difficulties, MZ twins were represented in relatively equal proportion in both groups being compared in the present study. Specifically, 45% (33/73) of the children with a history of reported difficulties were MZ versus 40% of the 121 children without reported difficulties. Finally, only 7% of the twins were reportedly being seen by a speech-language pathologist at the initiation of the WRRP, with the percentage being similar for DZ and MZ twins at 8% and 7%, respectively.
Twins with a reported history of language difficulties, either persistent or resolved, were grouped and compared to children without any reported history of language difficulties. For the comparison, children's age-and sexcorrected scores were converted to z scores so that mean differences would represent standard deviation units related to the sample as a whole. Mean differences in favor of children without a history of difficulties were observed for all conversational language measures ( p < .01), except TNC, and for all reading measures at HV2 and HV3 (see Table 2 ). Mean differences ranged from 0.23 to 0.46 of a standard deviation for the conversational measures, from 0.37 to 0.69 of a standard deviation for the formal vocabulary and reading measures from HV2, and from 0.53 to 0.98 of a standard deviation for formal measures from HV3. Not only did group differences persist at HV3, but they appeared to increase across the board, particularly for the reading-related measures. The present study is not set up to explain this trend toward larger group differences at the later HV; however, we speculate that it may be an artifact of test construction or a real indication Table 2 . Mean z score difference in age-and sex-corrected language and reading variables at HV2 and HV3 between children with and without a history of reported language difficulties. that children at risk for reading difficulties tend to fall further behind as expectations increase.
Based on this descriptive information, our subgroup of children with a reported history of language difficulties is not easily translated into other groups previously reported in the literature. However, the subgroup likely overlaps in part with children referred to as " late talkers" or "late bloomers" because of the high percentage of the children in this study whose difficulties reportedly resolved before the initiation of the study (see Paul, 1996) . Although receptive language difficulties were not ruled out in the present sample, additional information from parent report suggest that the majority of these children did not have concomitant receptive language difficulties . In addition, the language and reading data from both HV2 and HV3 suggest that this subgroup also includes children identified with language and/or reading disability in their early school-age years, thereby overlapping in part with participant pools with specific language impairment and dyslexia. Specifically 16 of the 73 children (22%) with a history of reported language difficulties were receiving speech-language services as they entered WRRP around kindergarten /first grade.
Correlation matrices were all derived from age-and sex-corrected raw scores to examine associations between reading and language measures. Table 3 provides the coefficients for HV2 child language and HV2 reading measures on the entire sample. Given the large number of correlations, alpha was set at .01 to minimize false positives. Three findings worth highlighting include (a) the significant correlations across all conversational language measures and across all reading measures, with effect sizes ranging from medium to large (Cohen, 1988) ; (b) a significant correlation between the two formal vocabulary measures of medium effect size; and (c) the inconsistent and relatively small correlations between conversational language and reading measures. In regard to the last point, NDW correlated significantly with all reading measures, but the effect size was small. Similarly, DSS, TNC, and NTW all correlated with PA while DSS and NTW correlated with WA as well, but the effect size was small in each case.
To examine the extent to which relationships between conversational language and reading might be different for children with language difficulties, correlations were derived for the 73 children with a reported history of language difficulties (see Table 4 ). Given an alpha of .01, significant correlations emerged between WA and all conversational language measures and between PC and all conversational language measures except DSS and NTW. In addition, PA correlated with both DSS and NDW, while WID correlated with NDW. All statistically significant correlations reached medium effect sizes, with coefficients ranging from .32 to .50. Figure 1 illustrates the association between two representative variables, MLU-C and WA, in children with and without a history of reported language difficulties. As depicted in Figure 1 , correlation findings suggested that history of reported language difficulties served as a moderator variable by impacting the strength of the association between conversational language and early reading development (see Baron & Kenny, 1986 , for a general description of moderator variables).
The stability of the correlation findings was examined by deriving correlations between HV2 child language measures and the reading measures collected 1 year later at HV3 (see Tables 5 and 6 ). Results largely mirrored findings of the concurrent relationships. Specifically, findings from the entire sample revealed significant correlations between NDW and all reading measures, but with primarily small effect sizes. In addition, MLU-C and NTW both correlated significantly with WA and PC but Table 3 . Correlation matrix of child language and reading measures corrected for age and sex from HV2 on entire sample (N = 380). with coefficients of small effect size. Within a selected sample of 73 children with a history of reported language difficulties, WA and PC yielded the most consistent relationships with conversational measures reflected by correlation coefficients of medium effect sizes.
Exploratory Factor Analyses
Consistent with DeThorne et al. (2008), we formed factor scores for reading and language using unrotated principal component factor analyses. Factor 1 (hereby referred to as the formal vocabulary factor) consisted of the two formal vocabulary assessments, SB-Vocab and BNT, with loadings of .86 for both variables. Factor 2 (hereby referred to as the conversational factor) included MLU, NTW, NDW, TNC, and DSS, with loadings ranging from .73 to .96. Finally, the third factor (hereby referred to as the reading factor) contained all reading measures, with loadings ranging from .68 to .94 for HV2 and from .66 to .92 for HV3.
Multilevel Modeling
Multilevel modeling was employed to provide statistical analyses of reported language history as a moderator in the relationship between conversational language and early reading. Multilevel modeling was chosen over regression analyses due to the nested issues inherent in Table 6 . Correlation matrix of HV2 child language and HV3 child reading measures corrected for age and sex on selected sample of children with a history of reported language difficulties (n = 73). twin designs. In any phenotypic analyses of twin data, the primary statistical issue is lack of independence across observations that is a common assumption for key distributions (such as the t and F distributions) and standard statistical techniques (such as regression). Without some means to model this lack of independence, Type 1 error rates could be inflated. In order to control for this lack of independence, we employed multilevel modeling, which is designed more generally to handle dependent observations. This is done by treating each twin as "nested" within the twin pair. In the language of multilevel modeling, each twin is considered at level 1 and the pair is considered level 2. By portioning the variability into between-pair variance and within-pair variance, we are able to get the correct standard errors for our fixed effects (such as language status and other predictors).
In the present analyses, the reading factor from both HV2 and HV3 was each predicted separately from (a) the formal vocabulary factor, (b) children's history of reported language problems, (c) the conversational factor, and (d) relevant two-way interaction terms. Formal vocabulary was entered first in order to determine whether conversational language predicted unique variance in early reading above and beyond formalized vocabulary assessments. Consistent with the correlation analyses, the best fitting model in predicting reading at HV2 included the interaction term between conversational language and history of reported language difficulties (see Table 7 ). In contrast, the best fitting model in predicting HV3 reading relied only on the formal vocabulary factor and history of reported language difficulties. Estimates from the best-fitting models are provided in Table 8 . In sum, formal vocabulary and history of reported language difficulties contributed significantly to reading outcomes at both home visits. Conversational language offered concurrent associations with early reading development above and beyond the variance attributed to formal vocabulary scores, but only in children with a reported history of language difficulties at HV2. Specifically, 4% (0.21 2 ) of the variance in HV2 reading was uniquely predicted by the HV2 conversational language factor for children with a reported history of language difficulties. Conversational language did not provide unique variance to early reading in children without a reported history of language difficulties. Although the best-fitting model in predicting HV3 reading did not include conversational language, it is worth noting that the interaction between conversational language and reported history of language difficulties approached significance in the fixed effects model, with an estimate of 0.23 ( p = .07).
Discussion
In sum, this study found that reported history of language difficulties moderated the concurrent relationship between conversational language and early reading at the second home visit. Specifically, conversational language skills predicted a relatively small but significant amount of unique variance in children's early reading development, above and beyond formalized vocabulary measures, but only for children with a reported history of language difficulties. The ensuing discussion will review evidence for the moderation effect and focus on three possible explanations for it. In addition, the potential role of assessment methods in interpreting differences across Note. Vocab = formal vocabulary; Hx = history of reported language difficulties; Con = conversational language.
*Statistical significance at a = .05. studies will be included, followed by an overview of implications and future directions.
Language History as a Moderator
Support for language history as a moderator of the association between conversational language and reading came from two primary sources. First, correlations between language and reading were relatively small and most often nonsignificant for the population as a whole, but when the sample focused on children with a reported history of language difficulties, correlations were more apt to reach significance (despite decreased sample size), and effect sizes increased (see Tables 3, 4 , 5, and 6). Second, results from the multilevel modeling revealed a statistically significant interaction between conversational language and children's reported history of language difficulties in the prediction of concurrent reading abilities at HV2. Although the same interaction was not significant in the prediction of reading at HV3, the trend was in a similar direction. It is prudent to note that the effect size of the significant interaction for HV2 is relatively small, with only 4% of the variance in reading at HV2 being uniquely accounted for by conversational language at the same time point. However, the unique variance being accounted for is above and beyond associations between reading and formalized vocabulary, which were significant and mostly moderate in effect size (see Table 3 ). In the correlation matrices, where variance attributed to the formal vocabulary factor was not regressed out of reading, individual conversational language measures accounted for up to 25% of the variance in WA at HV2 and up to 44% at HV3 specifically in children with a reported history of language difficulties.
Given support for language history as a moderator of the association between conversational language and reading, we have considered three possible models to account for the significant group interaction, none of which is mutually exclusive of the others (see Figure 2) . First, we considered a threshold model, in which children's conversational language skills would only be associated with early reading development until a certain level of language competence is achieved. After this point or "threshold," additional gains in conversational language skill would not transfer as directly to gains in reading (see Figure 2a. ). Although the specifications of threshold effects vary across the literature (e.g., Lee & Schallert, 1997) , we refer here to an interaction effect in which the association between language and reading development would vary based on children's level of language ability. As an example, one might imagine that early differences in children's expressive vocabulary might help children decode phonologically ambiguous words, such as car, in which the initial letter could represent either /s/ or / k/. However because early reading material focuses on relatively simple vocabulary, variations in more advanced word knowledge (e.g., convertible, SUV ) may not contribute directly to differences in reading at this stage. Another contributing factor to a threshold effect would be if conversational language measures were not adequately sensitive to individual language differences in the population as a whole and therefore not able to differentiate children in the group without a history of language difficulties. Either way, results were generally not supportive of a threshold effect interpretation. Specifically, there was no clear indication that the subgroup of children with a reported history of language difficulties was substantially different in their current conversational abilities. Although mean differences in conversational language measures did favor children without a reported history of difficulties by approximately a third Figure 2 . Models of the association between conversational language and reading. Threshold model (a), in which conversational language relates to reading up to a certain point in development; two-stage reading model (b), in which oral language skills, such as semantics and morphosyntax, contribute to differences in reading as reading skills transition from decoding to comprehension; and subpopulations model (c), in which the relationship between conversational language and reading differs across groups of children with different predispositions to early language learning. Conv. lang. = conversational language; hx = history; exp. = expressive.
of a standard deviation, the range in conversational language skills was largely overlapping between the two groups (see Figure 1) . The second explanatory model suggests that the association between conversational language and reading is dependent upon children's stage of reading development (see Figure 2b) . Various authors have suggested that children at earlier stages of reading development are more likely to be dependent on phonological awareness skills as they focus on the process of decoding. As children's reading develops, they become increasingly dependent on oral language skills as the focus shifts to the comprehension of written material (Chall, 1983; Cutting et al., 2009; Dale & Crain-Thoreson, 1999; Ehri, 1995; Harm & Seidenberg, 2004; Rack, Snowling, & Olson, 1992) . The shift from phonological awareness skills to increased reliance on top-down processes is reported to begin around fourth grade (Dale & Crain-Thoreson, 1999) , a grade or two later than that of the current study participants. Consequently, it is possible that conversational language was not significantly associated with reading in the children without a reported history of language difficulties due to their current age and stage of reading development, which may focus largely on decoding. This finding is consistent with Storch and Whitehurst's (2002) finding that oral language is not significantly associated with reading in first and second grades.
Although a reading stage model may account for the limited associations between conversational language and reading in the sample as a whole, it does not account readily for why that same relationship was significant in the selected group of children with a reported history of language difficulties. If anything, a two-stage reading model, as it has been presented here, would predict a weaker association in this subgroup because as a whole, these children are at an earlier stage of reading development. Note that mean differences across reading measures consistently favored the group without a history of language difficulties by a third to nearly a full standard deviation (see Table 2 ), thereby supporting the position that they are at a substantially lower reading level than their peers. With the finding of substantially depressed reading scores, it is possible our findings in the selected group are comparable to positive correlations reported between oral language and emergent literacy skills in studies of preschool-age children. For example, the longitudinal study by Storch and Whitehurst (2002) found that oral language skills accounted for 48% of the variance in coderelated skills (e.g., phonological awareness, letter identification) within preschool-age children. This relationship decreased in kindergarten and then re-emerged in later years (third and fourth grades) but with different reading measures. However, our findings do not seem entirely comparable to the associations between code-related skills and oral language found in preschool children, because the significant correlations in our group extended to reading skills outside of phonological awareness, such as passage comprehension. That said, if our selected group is comparable to preschool-age children in regard to their stage of reading development, it's possible that a three-stage model with a cubic trend between oral language and reading skills could account for our findings.
A third potential explanation for the significant interaction, and the one we currently favor, is that children's reported history of language difficulties segments the sample into two somewhat distinct subpopulations. Note that the subpopulation argument is not a new idea; Wolf (1984) identified "a whole different set of relationships between naming and reading" in children with impaired reading skills versus those without such challenges (p. 109). It is possible that the groups may be qualitatively or quantitatively different in regard to the type of cognitive processes utilized in spoken language and reading development.
As an example, a reported history of language difficulties may reflect difficulties in phonologic processing that would make children more dependent on top-down processes in reading acquisition, and consequently more apt to struggle in early stages of reading development that rely strongly on phonological decoding. Consequently, the positive association between conversational language and reading in this group may reflect an increased reliance on top-down processes, such as semantic and morphosyntactic skills, during early reading development. In other words, individual differences in semantic and morphosyntactic skills have a larger impact on reading development in the group with a reported history of language difficulties because their reading development is more dependent upon such skills due to deficits in other areas. Although the children with a reported history of language difficulties did score lower overall on measures of conversational language, their scores were highly variable and the group differences were not as pronounced as for the reading-related measures. Some children without a reported history of language difficulties may struggle with early reading too but perhaps to a lesser degree or for different reasons.
Two forms of evidence support the different subpopulations interpretation. First, mean differences in reading measures consistently favored the group without a reported history of language difficulties, with differences up to 1 SD between the two groups on measures such as WA and WID. The group differences in reading not only persisted in HV3 but appeared to increase in effect size, thereby implying more than a transient difficulty. Given that groups were formed based on past language abilities, it was surprising to see that group differences were more striking for reading than for current conversational language skills. Consequently, it is feasible that the children with a history of reported language difficulties may approach early reading in a somewhat distinct way from their peers for reasons that overlap in part with their early difficulties with language development.
A second form of support for the position that children with a reported history of language difficulties may be relying more on top-down processes is the pattern of observed correlations between conversational language measures and reading-related skills. Although we cannot assume that individual coefficients are significantly different from each other, a couple of general trends are notable. First, WA and PC demonstrated the most consistent positive correlations across conversational language measures in the selected group for both HV2 and HV3. In fact, correlations for the selected group appeared stronger during HV3 than HV2, but the same could be said for these correlations in the sample as a whole, which is perhaps why the interaction term was shy of significance for HV3. Both WA and PC could be considered more susceptible to top-down semantic and morphosyntactic processing than measures of WID and phonological awareness. Reading comprehension in general is considered more susceptible to differences in children's oral language abilities (cf. Nation & Snowling, 2004) , and although WA is considered a measure of phonological decoding due to its reliance on unfamiliar words (cf. Storch & Whitehurst, 2002) , even unfamiliar words could be decoded more easily with increased vocabulary knowledge. For example, the pronunciation of the nonwords plip and vauge could be aided through prior knowledge of phonologically similar words, such as slip and gauge. Given the age of our participants and resulting focus on wordlevel processes rather than in-depth reading comprehension, the present results may actually provide a conservative estimate of the associations between language and reading comprehension. The more in-depth measures of reading comprehension that accompany later stages of reading assessment may reveal stronger associations with conversational language measures in the sample at large (see Cutting et al., 2009 ).
Altogether, results provide modest, but by no means definitive, support for the subpopulations model (see Figure 2c) , thereby suggesting that children with a reported history of language difficulties may be approaching early reading tasks in a somewhat distinct way, either relying on different cognitive processes or on the same process to differing degrees, than children without a reported history of language difficulties. That being said, we will be the first to note that this is not the outcome we predicted. Consistent with scientific parsimony, current views of language difficulties, especially difficulties without an identified organic origin, favor quantitative rather than qualitative differences (e.g., Plomin & Kovas, 2005) . In other words, children with language difficulties of unknown origin are often viewed as the lower end of a common continuum that includes children without language disabilities as well (cf. Plomin, Colledge, & Dale, 2002) .
Speaking to this view, the distribution of current conversational language skills in our subgroup largely overlapped with the distribution from children without a reported history of language difficulties (see Figure 1) . As we already discussed, group differences in reading-related skills were more notable than differences in conversational language abilities. Consequently, replicating these findings using different samples, particularly samples in which the nature of children's past language difficulties is better understood, is needed.
Assessment Method as Influential Factor
In addition to solidifying the association between early spoken language difficulties and early reading challenges, the current study highlights the potential impact of assessment method on the relationship between language and reading skills in children without language disability. Note that formalized vocabulary assessments, specifically the BNT and SB-Vocab, correlated significantly with reading-related measures for the entire sample (see Table 3 ) and served as a significant predictor of reading outcomes during both home visits (see Table 8 ). In this regard, findings are consistent with previous studies that have demonstrated associations between formalized expressive vocabulary measures and reading skills in typically developing children (e.g., Nation & Snowling, 2004; Ricketts et al., 2007) . However, our finding that conversational language measures do not predict early reading in children without a reported history of language difficulties suggests that associations may be tempered by the form of assessment utilized. For example, associations between decontextualized assessments may be influenced by common factors other than the domains being tested-factors such as motivation, frustration tolerance, task persistence, etc. Most simply put, measures of reading and language may covary in part because certain children are better at "taking tests" regardless of what the test content might be. Measures of conversational language are likely to be influenced by extraneous factors as well, but not the same extraneous factors that influence formal assessments of early reading (see DeThorne & Watkins, 2006) . Consequently, associations between formalized assessments of both reading and language may provide inflated estimates of shared underlying processes between the two domains.
On the topic of assessment context, it is important to consider that results may have differed had we focused on narrative rather than conversational language samples (see Scott & Stokes, 1995) . Specifically, results from Miller et al. (2006) found that narrative language measures, as a whole, predicted relatively small but unique variance in children's word identification and reading comprehension. However, two differences between studies, other than narrative versus conversational samples, are particularly worth noting. First, the sample in Miller et al. (2006) was bilingual in their language and reading development, which may or may not influence the nature of such relationships. Second, the language measures were combined with an index of narrative coherence, so it is not clear to what extent the structural measures of MLU, NDW, and words per minute would have independently predicted variance in reading development. Regardless of the effect of such differences, one might expect greater relation between narrative language skill and reading outcomes, especially in regard to reading comprehension, due to overlapping features such as plot development and structural organization. In fact, children are sometimes taught a formula for narrative structure in school that may influence both reading comprehension and narrative language skill.
One final consideration in regard to the reported relationship between language and reading is the important distinction between expressive and receptive language abilities. By design, language samples have focused on expressive skills, largely because receptive abilities are harder to measure reliably in a naturalistic context. However, given that reading comprehension is largely a receptive skill, one might anticipate more direct associations with receptive language than with expressive tasks. Whereas both receptive and expressive language skills tap into language knowledge, expressive language places additional demands on motoric and social development, for example, in comparison to strictly receptive tasks. Consequently the present study is not able to speak directly to the association between receptive language skill and reading development.
Implications and Future Directions
In regard to clinical implications, strong semantic and morphosyntactic skills within a conversational context are likely to lessen the risk of early reading difficulties in children with a reported history of language difficulties. On a related note, strategies to compensate for difficulties in early reading should be considered, such as the use of semantic knowledge and the surrounding linguistic context. For example, a child stuck on the pronunciation of cantaloupe in the sentence "She cut up a cantaloupe for the fruit salad" could be prompted with cues such as the following: "Given the rest of the sentence, what word would make sense?" or "What kind of fruit starts with the letter c?" A review by Rack, Snowling, and Olson (1992) supports phonological deficit as a key factor in reading disability but also highlights the potential role of other factors, such as oral language skills, in supplementing or compensating for weakness in the phonological domain. For example, speech-language pathologists could work on facilitating the understanding of vocabulary and morphosyntactic structures embedded within the children's reading material at home or in school (see van Kleeck, 2007) .
In addition to studying the effectiveness of such treatment strategies, future studies should consider searching for neurological and allelic differences in children with a reported history of language difficulties. Within a behavioral genetic design, oversampling of children at risk for language and reading difficulties could provide enough power to test for shared genetic and environmental influences between language and reading, an analysis that was not possible in the present study due to the limited number of children with speech-language disability in our population-based sample. In addition, studies of neurological differences in children with language disability would benefit from including participants with and without accompanying reading difficulties in order to identify what neuro-correlates underlie observed behavioral differences in these two subpopulations. Finally, studies of child language need to consider including measures of naturalistic language use, such as conversational or narrative samples, in order to tease apart the contextual effects on the construct of interest. If we are to make the most difference in children's everyday lives, the ultimate goal must be to understand causal influences on meaningful discourse.
